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ABSTRACT
Smart Communication Satellite (SCS) is the first low earth orbit (LEO) mobile communication test satellite of China,
whose core mission is to conduct technical exploration and verification for building satellite internet. Launched in
September, 2014, SCS completed its whole on-orbit experiments in October, 2014. In order to resolve the
contradiction between the coverage area and communication rate of LEO communication satellites, SCS adopts onboard smart antenna, whereby dynamically changing spot beams can be formed. Moreover, SCS has developed
payload-centered satellite design technique as well as internet-oriented software satellite technique, and finally
accomplished the design for application-oriented micro-satellite which is 100Kg-class weighted and applicable to
communication and navigation services. The innovative techniques of SCS verify the new direction of development
in the future satellite internet.
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to meet the continually increasing requirements on
communication rate. Though the energy of spot beams
is more concentrated, using them naively would
significantly reduce the coverage area. As such, under
the limited energy constraint, the contradiction between
coverage area and communication rate for LEO satellite
becomes increasingly prominent.

INTRODUCTION

The satellite internet provides for both terrestrial and
space users the communication and internet access
services via communication satellites on different orbits.
In the past few years, the satellite internet has evolved
into a hot topic that captures the attention of both
scientific research and industry operation all over the
world. Google, SpaceX, and some other giants have all
initiated their own satellite internet plan aiming to
provide internet coverage, globally or specifically,
using space network nodes such as medium earth orbit
(MEO) satellite, e.g., O3b plan, [1,2] and low earth
orbit (LEO) satellite [3].

Tsinghua University has a profound research basis of
microsatellites and space information network. In 2010,
Tsinghua University began to work with Beijing
Xinwei Telecom Technology Inc. to develop the project
of Smart Communication Satellite (SCS).
In order to solve the contradiction between data rate and
cover range of LEO satellite communication, SCS
exploits smart antennas on the LEO satellite, which
produce fast-switched dynamic spot-beam, to meet the
requirement of large coverage and high communication
rate.

Satellites on various kinds of orbits, high, medium, and
low, all can be used as transmission nodes in the
satellite internet. Generally, high earth orbit (HEO) and
MEO satellites cover the ground area through
beamforming using multiple spot beams. However, due
to their long distance (a few thousand to tens of
thousands of kilometers) to the earth, HEO and MEO
satellite systems suffer from high link loss, thus
imposing high G/T and EIRP requirements on the
ground terminals. For LEO communication satellite,
e.g., Iridium and Globalstar, the distance between the
earth and satellite is greatly reduced, and hence the link
loss is low, so that direct communication between the
satellite and small ground terminals can be supported.
Nevertheless, the low orbit altitude limits the coverage
area of one single LEO satellite. To meet the wide
coverage requirement, multiple LEO satellites are
usually arranged in accordance with a certain shape and
rule to form a LEO satellite constellation, each satellite
serving the ground in a uniform-coverage way. With
the development of internet services, it is more and
more difficult for LEO satellites with uniform coverage
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The main task of SCS project is to do some early
technical explorations in the field of satellite internet,
and to form a complete test platform for satellite
internet. The specific tasks are listed as follows.
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1.

To verify the validity of some key technologies,
such as massive on-board processing, smart
antennas, smart communication and etc.

2.

To develop the payload-centered satellite design
technique and to establish the coordination and
control technique of satellite’s control and
communication systems.

3.

To make a comprehensive on-board software and
transport protocol of satellite-ground station link.
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SCS was launched into orbit on August 4th, 2014,
carried by a Long March 2D rocket, lifted off from the
Jiuquan Satellite Launch Center. On September 11th,
for the first time of LEO satellites in China, the handset
communication was established successfully via SCS.
On September 18th, the handsets achieved the Internet
accessing and data transmission successfully. SCS is
the China’s first LEO communication test satellite.

communication payload based on smart antenna (with C
band feeder link), and spectrum scan payload. The
platform contains power subsystem, Tt&C subsystem
(S band transponder and Tt&C unit), house-keeping
subsystem (OBC and GPS), attitude determination and
control subsystem (ADCS), structure subsystem and
thermal subsystem.
Power subsystem
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The composition of SCS experiment system is
presented by Figure 1. The whole experiment system
can be divided into two parts: the satellite system and
the ground system. Satellite system contains the
platform system and the mobile communication
payload system; Ground system contains the
application system of payloads, ground station and
gateway station.
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Figure 2: The composition of SCS
SCS is a 130-kg satellite with three-axis stable attitude
control, running on an 800-km high Sun-synchronous
orbit. The satellite’s on-orbit sketch and characteristics
are presented by Figure 3 and Table 1, respectively.
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Figure 1: The composition of SCS experiment
system
There are three links between the satellite and ground: S
band Tt&C link, C band feeder link and S bond
customer link. Tt&C link carries the telecontrol and
telemetering information. Feeder link produces the high
speed data download passageway for the flight logs and
experiment data. Meanwhile, the feeder link connects
the mobile communication payload and Tsinghua
gateway station. The customer link employs smart
beam, which is created by the mobile communication
payload, to build a smart space communication system.
The smart communication system can be described as
“Smart Beam, On Demand Targeting”, by which the
Internet
access
and
multi-media
trunking
communication between the handsets and vehicle
terminals under coverage area can be built.

Figure 3: The On-orbit Sketch of SCS
Table 1:
Item

The SCS is formed by payloads and platform, as Figure
2 shows. The payloads contains multi-media mobile
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Technical Characteristics of SCS

2

Technical Indication

Mass

131Kg

Size

720mm×660 mm×760mm,
Φ902mm×760mm

Launch interface

Φ660mm separation ring

Orbit

SSO, altitude 800Km,
Local time of descending node: 6:30 a.m.
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Item

programs are stored in TMR-protected NOR FLASH.
When running on the orbit, the software programs can
be updated flexibly (from a single APP to the whole
operation system).

Technical Indication

Attitude Control

3-axis stabilization attitude

Power

Platform: 55W;
Communication Payload: 200W(Peak)

Communication

S-band / C-band

Launch

4th, Sep. 2014

III TECHNICAL CHALLENGES
3.1 Communication System

2.3 Technical Scheme

The satellite mobile communication is characteristic of
the non-uniform and uncertainty of user distribution. In
the vast sea, land and space, the business needs of users
are relatively concentrated but area-uncertain. SCS does
not adopt the uniform coverage idea as in the traditional
satellite mobile communication design, instead, after
the users initiate the business request, it will calculate
and adjust the beam direction in real time according to
the time and position information of the satellite/user,
and then allocate the time, space, and frequency
resources, thus realizing on-demand beamforming in
vast coverage area. By providing directional services in
a gazing style, SCS effectively increases the user
information transmission rate, and meanwhile
efficiently uses the limited energy of small satellites.

SCS is composed of 10 aluminum module boxes, one
stacked upon another, and firmed by 9 root titanium
screws, of which the pre-tightening force provides the
stiffness of the structure. 4 solar cell arrays are installed
on ±X-axis and ±Y-axis facets, respectively. The +Zaxis facet points to the earth during flight, on which the
antennas of mobile communication, spectrum scanning,
S band Tt&C, C band feeder link, the detector of
magnetometer, digital solar sensor, and analog 0/1 solar
sensors are arranged. The separation ring, antennas of S
band Tt&C, GPS, Beidou, and analog 0/1 solar sensors
are arranged on the +Z-axis facet.
Considering the orbit, attitude, structure, the operating
temperature requirements, layout and power
consumption of the devices, the thermal control scheme
is designed as follow: Mainly depend on passive
thermal control, accompanied by heating tapes for
battery bars. The distribution of temperature can be
controlled by adjusting the thermal exchange between
the internal and external system. Some specific methods
includes: adjusting the emissivity and absorptivity of
the radiating surface by different properties of coatings;
for some high-consumption chips, components and
parts, reinforcing thermal transmission by anti-packed
or wall-sticking installation.

The onboard mobile communication payload is
composed of antenna, radiofrequency subsystem, and
baseband subsystem. The circular array, embedded on
the side facing the ground, consists of twelve 4-arm
helical antennas and is shared by both the transmitter
and receiver. By on board autonomic computing and
adaptive digital phase control technique, SCS reduces
the effect of orbit change and attitude deviation on the
precise beam direction during the high-mobility process
of satellite, and hence the signals in the user receiver
can be coherently superposed exactly all the time.
The spectrum resource applicable for LEO
communication satellite is highly deficient at present.
To address this problem, SCS uses spectrum scanning
payload to acquire real-time information of the current
electromagnetic spectrum environment, whereby it
provides support for the future spectrum sensing
communication.

SCS is running in three-axis stable motion, and the
angle accuracy is better than 2° (3σ), the angular rate is
better than 0.2°/s (3σ)[4]. The attitude is determined by
an external Kalman filter using the measurements of
magnetometer and digital sun sensor. The actuators
contain reaction wheels and three-axis magnetorquer
rods, and the two attitude control modes (wheels and
magnetorquer) backup each other. The pitch wheel (Yaxis) is used as momentum wheel (-1500rpm) to
provide the satellite inertia stiffness along the orbit
normal direction in three-axis stabilization. The satellite
orbit information is updated by the ground station in the
form of two lines elements (TLE). The attitude
subsystem could acquire and re-stabilize the initial
attitude on orbit, and damp larger angular rate in
separation.

3.2 Integrated Design and Control
LEO communication satellite is facing the technical
difficulties in high dynamic variations of orbit and
high-precision beam direction of antennas. In addition,
how to realize the integrated control of communication,
attitude and orbit is a prevalent problem for LEO
communication satellites.
Small communication satellites have to accommodate
various electronic devices of different technical systems
and different types within the limited space of cubic
meters, thus the design of satellites is subject to the
complicated magnetic, mechanic and electronic
environment. Take the smart communication satellite as

The on-broad computer (OBC) of SCS employs an
ARM9-based industrial-strength integrated chip as the
core processor. An embedded Linux operation system is
cut and reconstructed for space use [5]. To improve the
satellite’s fault-tolerant capability, all of the software
JIN
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an example, due to the small space of the satellite, a 6ampere time-varying current for the payload to work
normally would cause a dynamic magnetic measuring
error of thousands of nanotesla, which could result in a
serious deviation of attitude determination and pointing.
This may lead to an error of hundreds of kilometers in
ground beam position and thus deteriorate the
communication links.

management and large capacity data storage
management. Information exchanges and transfers
safely and efficiently between layers by on-orbit LDPC
coding technology. The software can be managed
hierarchically, upgraded independently and updated on
orbit, supporting various tests of innovative technology.
All the software programs on orbit, including CPU,
FPGA, DSP of subsystems such as ADCS, OBC, GPS,
Beidou and mobile communication, is able to update on
orbit.

To solve the problems above-mentioned, our group
proposed a series of integrated communication and
control methods.

IV
1.

Reflux control approach of satellite electronic
system was put forward and realized. By
optimizing space configuration, controlling current
loop of board level and controlling ground points
of system level, this approach is able to achieve
reflux control from board level to whole satellite
layer-by-layer.

2.

The design method involved information from
external systems for small communication satellite
was raised and implemented. This method enables
direct information flow between subsystems on
board. For instance, the communication system
sends status information to the control system to
realize
software-based
dynamic
magnetic
correction. And the satellite house-keeping system
provides ephemeris (orbit) information to assist
dynamic beam tracking.

3.

Multiple techniques such as multi-level magnetic
measurement with correction, nonlinear magnetic
control, as well as adjustable time-sharing
measurement and control were presented and
actualized to solve the difficulties in full-magnetic
measurement and control for low-cost small
communication satellites.

FLIGHT RESULTS

4.1 Satellite Platform
After the injection, SCS is running in a steady state
until now. The time histories of actual statements
conform to the ground simulation. This section
summarizes the working statements of the platform.
The initial orbit of SCS is a Sun-synchronous orbit,
with altitude 800Km and the local time of descending
node 6:30 a.m. SCS does not maneuver or maintain its
orbit during flying. The time histories of the semimajor
axis, inclination, and local time of descending node are
given by Figure 4 and Figure 5, respectively.

Because of the applications of above methods, the beam
pointing error caused by complex variations in
magnetic disturbance and high-speed movement of
satellites is greatly decreased. It turns out that the actual
accuracy surpasses the technical design index.

Figure 4: Time Histories of Semimajor Axis and
Inclination

3.3 Software Satellite
SCS proposed a software satellite architecture for multimission, exploring techniques from the aspects of
programmable devices, software systems, safe and
efficient interaction of information between the layers,
etc.
The on-broad computer (OBC) is built using an ARM9based industrial-strength integrated chip and embedded
Linux operation system. OBC supports standard TCP/IP
protocol stack, AOS telemetering and PCM telecontrol,
and is capable to complete various real-time tasks such
as telemetering and telecontrol, housing-keeping
JIN

Figure 5: Time Histories of Local Time of Descending
Node
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The time histories of SCS’s attitude angle are shown by
Figure 6-8. The actual accuracy of attitude angles along
3 axes are better than ±1.5°, and there is no prominent
angle drifting during the communication experiments.
The attitude results verify the effectiveness of the
proposed integrated control method.

Figure 9: Time Histories of Array Temperature
Temperature histories measured for different devices is
shown in Figure 10. The temperature variation range of
internal circuit is 15 to 30 °C due to the drift of beta
angle. The average temperature of battery has the
similar pattern of internal circuit, with the range of 15
to 25℃. The temperature of solar sensor located on the
outer surface varies between 30 to 54°C. The telemetry
data matches well with what predicted by simulation
using Thermal Desktop®, which indicates that all
devices are running well.

Figure 6: Time Histories of Roll Angle

Figure 7: Time Histories of Pitch Angle

Figure 10: Time Histories of Temperature Sample
Points
There are multiple technical methods of anti-SEE on
orbit, such as TMR, regularly refreshment and etc. OBC
is designed with an unprotected SRAM (about
48Kbytes) to monitor the high-energy particle
environment on orbit. When SEU occurs in the SRAM,
OBC records a single-particle event. According to the
estimation of the orbit radiation environment before
launch, the probability of SEU in the SRAM is 25 days
once, and the actual state is 23.55 days once (11 times
from Sep. 4, 2014 to May 21, 2015). More details about
the moment and position of SEU are presented by
Figure 11.

Figure 8: Time Histories of Yaw Angle
The satellite temperature varies with beta angle. Solar
panel on the –Y side has relative high temperature of
73°C for constant sunlight. ± X side panels with
alternating sunlight have widely daily averaged
temperature range of -20~30°C. +Y panel has low
temperature of about -25°C because it is always in
shadow.
JIN
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Figure 11: The Moment and Locations of SEU
4.2 Communication Experiment
SCS established the first handset communication of
LEO satellite in China on September 11, 2014, and
accessed the Internet and transferred data in the first
time on September 18, 2014.
On September 11th, China’s first LEO satellite handsets
communication was established successfully via SCS,
and on September 18th, the handsets accessed the
Internet and transmitted data for the first time.
Whereafter, the vehicle terminals achieved the Internet
accessing and high-speed data transmission successfully.
The FTP protocol test interface is given by Figure 12.

Figure 12: Internet Accessing Experiments
V

CONCLUSIONS

As satellite internet is an important form of space
internet, the internet-oriented LEO communication
satellites play a significant role in supporting the
development of space internet. The Smart
Communication satellite (SCS) jointly developed by
Tsinghua University and Beijing Xinwei Telecom
Technology Co., Ltd. has completed a series of key
techniques including on-orbit communication and
internet testing, on-board processing and switching
verification, on-board smart antenna, LDPC encoding
and decoding, satellite-ground networking, etc., which
will strongly impetus the development of future
satellite internet.
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